This paper reviews estimates of the incidence and prevalence of acute gastrointestinal illness (AGI) from 33 studies. These studies include prospective cohort studies, retrospective crosssectional population-based surveys, and intervention trials from the United States and six other developed countries published since 1953. The incidence and prevalence estimates for AGI reported in these studies range from 0.1 to 3.5 episodes per person-year. However, comparisons of these rates are problematic owing to significant variation in study design, sampling methodology, and case definitions and should be made with caution. In the United
INTRODUCTION
Acute gastrointestinal illness (AGI) is caused by a variety of different agents and conditions and comprises a constellation of symptoms that may include diarrhea, nausea, vomiting, abdominal pain, abdominal cramps, fever, and other systemic symptoms. Because of its various causes and variable symptomatology, no standard definition of AGI has been presented in the medical literature, making comparisons of studies difficult. Furthermore, investigators use different terms to describe AGI, such as intestinal infectious disease (IID) (Garthright et al. 1988; Roderick et al. 1995) and highly credible gastrointestinal symptoms (HCGI) (Payment et al. 1991) . For the purposes of this review, the generic term "AGI" will be used to refer to gastrointestinal illness involving diarrhea, nausea, or vomiting, which may or may not also be combined with abdominal pain, abdominal cramps, or systemic symptoms, such as fever. Diarrhea and diarrheal illness, which considers the degree of severity of diarrhea, are the most frequently studied components of AGI. Currently, studies focusing on diarrhea provide the majority of the information available on the rate of AGI.
Diarrheal illness is a common problem worldwide but is well recognized as a significant cause of morbidity and mortality in developing countries. Recent estimates suggest that children younger than 5 years of age in developing countries experience a median of two to three diarrhea episodes per person-year. Moreover, children six to eleven months of age experience the highest median rate of diarrhea at five episodes per person-year (Snyder & Merson 1982; Kosek et al. 2003) . While AGI mortality is low in developed countries, AGI morbidity remains important. In the United States, children younger than 5 years of age are estimated to experience one to two episodes of diarrhea annually, with 300-400 deaths attributed to AGI each year (Glass et al. 1991) . A study of approximately 300,000 American children younger than 5 years of age estimated that diarrhea accounted for 4% of all hospitalizations and 2% of all outpatient visits in this population. Based on the total outpatient and inpatient payments in this group, researchers estimated that the total national payment for diarrheaassociated disease in this age group was $411 million per year (in 1998 US dollars) (Zimmerman et al. 2001) . This estimate would have been greater if the costs associated with morbidity and mortality in older children and adults were included.
Accurate estimates of AGI incidence and prevalence are essential for the development of sound public health policy. An overall estimate of the prevalence of AGI due to all etiologies is the necessary first step in developing an estimate of the prevalence of gastrointestinal illness due to specific exposures or etiologies, such as drinking water consumption. Disease surveillance plays an important role in developing these estimates. However, the data available from outbreak surveillance, laboratory-based communicable disease reporting, and other public health surveillance systems underestimate the rate of disease because they usually only capture case-patients in contact with the healthcare system. Not all persons infected by enteric pathogens develop gastrointestinal symptoms (Figueroa et al. 1983; Ish-Horowicz et al. 1989; Pettoello-Mantovani et al. 1995) . Furthermore, less than a third of persons with an AGI seek medical care and stool samples for laboratory diagnoses are only obtained in a minority of these patients (Hawkins et al. 2002; Herikstad et al. 2002; Imhoff et al. 2004; Jones et al. in press) . Most persons consulting a healthcare provider for a gastrointestinal illness are either treated with supportive care, regardless of the cause, or are treated presumptively without confirming the etiology through laboratory testing. Even if laboratory testing is ordered, different disease agents require different testing methodologies and laboratories may not perform the necessary diagnostic tests in every case (Jones et al. 2004; Voetsch et al. 2004) . Furthermore, most stool tests fail to identify a pathogen (Magliani et al. 1985; Essers et al. 2000; Denno et al. 2005) . While some cases of gastrointestinal illness due to laboratory-confirmed pathogens are required to be reported to public health agencies, most are not (CDC 2005a) . Even when reporting is required, a large proportion of laboratoryconfirmed notifiable diseases go unreported (Standaert et al. 1995) . This phenomenon results in underreporting of AGI, particularly of mild cases. Therefore, passive surveillance captures only a small fraction of the true rate of disease.
Because so many episodes of AGI are treated at home without contact with the healthcare system, special studies within communities are required to estimate the incidence and prevalence of gastrointestinal illness in the general population. In the United States, information on AGI incidence and prevalence has come from prospective community-based cohort studies, intervention trials, and retrospective population-based cross-sectional surveys.
Similar studies have been conducted in other developed countries. However, using the data from these studies to derive an estimate of AGI prevalence is still problematic.
The definition of what constitutes AGI is inconsistent between studies. Some studies only measure a single symptom -diarrhea -but even the definition of diarrhea varies. This paper reviews studies estimating the AGI incidence and prevalence in developed countries, examines the strengths and weaknesses of these studies, compares the estimated rates, discusses the limitations associated with such a comparison, and proposes an estimate of AGI prevalence in the United States based on available information.
METHODS
To identify the information available on the rate of AGI in developed countries, we conducted a literature review of peer-reviewed journal articles, scientific conference abstracts, and public health and environmental health agency documents available on the Internet. To identify the journal articles, we performed a PubMed search through the US National Library of Medicine using various combinations of the following key words: diarrhea, vomiting, gastroenteritis, gastrointestinal, prevalence, incidence, and human. Reference lists from relevant articles identified in the PubMed search were reviewed to find other relevant journal articles, abstracts, and agency reports. Using this approach, we identified 33 studies published since 1953 that provide estimates of AGI incidence and prevalence in the United States and in other developed countries.
RESULTS
Estimates from prospective community-based cohort studies and intervention trials in the United States
Since the mid-1900s, there have been several large-scale prospective community-based cohort studies and intervention trials to determine the rate of AGI in the United States.
The first of these studies was conducted by Dingle et al. (1953 Dingle et al. ( , 1964 from January 1 1948 to May 31 1957.
Investigators observed the occurrence of respiratory illness and unexplained gastrointestinal illness among families in Cleveland, Ohio over a 10-year study period. Families were selected in a non-random fashion through referral by family physicians or pediatricians. All had young children, belonged to the middle or upper socioeconomic classes, and were located within a specified residential area. Data was collected on the occurrence of diarrhea, vomiting, abdominal pain, and respiratory symptoms. One adult per family, usually the mother, kept a daily record of symptoms present in each family member. Field workers visited the homes weekly to check the records. During the early years of the study, staff physicians visited most of the ill study participants. During the later years of the study, persons with mild afebrile illnesses were not routinely examined.
In this study, illness was defined as the presence of one or more symptoms abnormal for that individual. Only gastrointestinal symptoms judged to be the result of primary gastrointestinal disease were considered in this 10-year study. Gastrointestinal symptoms thought to be secondary to another non-gastrointestinal illness or to some cause other than illness, and those thought to be too minor to warrant consideration as true symptoms were excluded.
Those illnesses determined to be primary gastroenteritis were further categorized as infectious or noninfectious.
Noninfectious gastroenteritis cases due to dietary causes (120 cases), infant diarrhea (8 cases), functional symptoms (e.g. constipation, globus hystericus -192 cases), and miscellaneous disorders (e.g. peptic ulcer, diverticulitis, ulcerative colitis -22 cases) were excluded from analysis.
The remaining gastrointestinal illnesses were assumed to be infectious in nature. An infectious gastroenteritis case was defined as two or more of the following symptoms:
vomiting, abdominal pain, diarrhea, and fever (2139 cases). An infectious gastroenteritis-epidemiological case was defined as one of the above major symptoms (vomiting, abdominal pain, diarrhea, or fever) or minor symptoms (nausea, anorexia, etc.) A second study to examine gastroenteritis of unknown etiology was performed by the same investigators using the 1948-1950 subset of the data from the above study (Dingle et al. 1953 (Dingle et al. , 1964 Hodges et al. 1956) . In this subset study, gastroenteritis was defined as any one or more of the following three conditions preceded by at least 5 symptom-free days: (1) diarrhea, (2) vomiting, or (3) abdominal pain. Participants reported 1466 episodes of gastroenteritis defined using these criteria. However, 362 episodes were considered to be secondary to other causes as explained by descriptions found in the records -these cases were not included in the analysis. Among these excluded cases were 116 episodes of gastrointestinal symptoms attributed to acute infectious diseases, such as streptococcal infections, measles, chickenpox, and bacterial gastroenteritis. Therefore, only 1104 episodes of infectious gastroenteritis of unknown etiology were analyzed for an overall incidence of 1.6 episodes per personyear (Hodges et al. 1956; Dingle et al. 1964) . A large number of these unexplained episodes were hypothesized to represent acute, infectious, nonbacterial gastroenteritis.
Among the children in this cohort, infants younger than 1 year of age had the lowest incidence of infectious gastroenteritis of unknown etiology (1.2 episodes per person-year) and children 4 years of age had the highest incidence (2.6 episodes per person-year). Adults had an incidence of 1.2 episodes per person-year. The incidence of infectious gastroenteritis of unknown etiology was lowest in the summer from May to August and highest in the late autumn and early winter, peaking in October and November (Hodges et al. 1956 ). The proportion of the 1104 episodes associated with either diarrhea or vomiting cannot be determined from the information provided, but diarrhea occurred in 56% and vomiting in 53% of a subset of 683 cases of gastroenteritis that occurred at least 6 days after the onset of respiratory symptoms (Dingle et al. 1956 (Dingle et al. , 1964 (Fox et al. 1972) . Two groups of families were non-randomly recruited throughout the study period from a large comprehensive prepaid medical care plan. This plan covered approximately 10% of the population of the Seattle, WA metropolitan area. For logistical reasons, participants came from the northern two-thirds of metropolitan Seattle.
In total, 215 predominantly white middle-income families with newborn infants were enrolled for 2-year periods of observation. A nurse visited the first group of 149 families on a bi-weekly basis to collect and review illness records kept by the mother for the entire family. During these visits, routine fecal and respiratory specimens were collected.
Supplemental specimens were collected upon report of illness. Mothers were requested to notify investigators when illness occurred between visits. The 149 Group 1 families contributed 965 person-years of observation and approximately 85% of these families stayed in the study until their 2-year observation periods were completed or the study terminated. The 66 Group 2 families were either recruited after the monthly quota for Group 1 families was filled or preferred the less intense form of observation provided for Group 2. In Group 2, the mother was contacted weekly by telephone for information about illnesses in the family. Fecal and respiratory specimens were collected only upon report of illness and no more than twice a year. The 66 Group 2 families contributed 431 person-years of observation but 51% of these families withdrew from the study before their 2-year observation periods were completed or the study terminated.
This study used the same classification of enteric and respiratory illnesses as the New York Virus Watch study, although, again, the symptomatology of enteric illness was not defined. When the cases with enteric symptoms alone, without respiratory symptoms, were analyzed, the Group 2 families reported fewer enteric illness episodes than the Group 1 families (0.2 vs. 0.3 episodes per person-year), although both groups had similar age distributions. Overall, participants reported 0.3 enteric illness episodes per personyear. Children 2 -9 years of age had the highest age-specific rate of 0.5 episodes per person-year.
From November 1965 to December of 1971, the incidence of acute enteric illness was assessed in Tecumseh, MI (Monto et al. 1970 (Monto et al. , 1971 Monto & Koopman 1980) , a city of approximately 10,000 persons. Following a census of the entire community, households were randomly sampled and recruited for a 1-year observation period, after which time they were replaced by other households. Recruitment continued throughout the 6-year study period. From
November 1965 to May 1969, investigators only enrolled households with at least one child of school age or younger and with all adults younger than 45 years of age. These eligibility criteria changed in May 1967 to also include families with older adult members (Monto et al. 1971 ) and by 1968 these older families constituted approximately half of the participating households (Monto et al. 1970) . One adult member of each household was contacted weekly, usually by telephone, and asked about the onset of acute illnesses among family members; illnesses were followed to their conclusion date during subsequent weekly telephone calls.
If at least 2 symptom-free days had passed between periods of reported illness, the latter illness was recorded as a new event (Monto et al. 1971 Insufficient data were provided by the authors to determine the separate incidence rates of each of the four enteric illness syndromes in the absence of respiratory symptoms.
Overall, 52% of enteric illness cases were accompanied by restriction of ordinary daily activity for an incidence of 0.63 activity-restricting enteric illness episodes per person-year.
The types of restriction of daily activity were not further defined.
From August 1975 to July 1977 investigators conducted a prospective community-based study of suburban families with one to four children in Charlottesville, VA (Hughes et al. 1978; Guerrant et al. 1990 (Payment et al. 1991 (Payment et al. , 1997 and Australia (Hellard et al. 2001) . They hypothesized that this was likely due to a loss of enthusiasm for the study.
Estimates from retrospective cross-sectional studies in were included in the analyses. Only 17% of these participants were selected completely at random. Nearly 80% of the 2510 participants were white, 62% were women, 56% were married, and the majority had a high school education. Of the demographics collected, only the reported household income was similar to that of the United States population.
Overall, 674 participants (26.9%) reported loose stools or diarrhea in the previous month, for an annualized prevalence in press).
FoodNet investigators employed the same survey methodology developed by CDC's Behavioral Risk Factor
Surveillance System (BRFSS) (Gentry et al. 1985; Remington et al. 1988; Tourangeau 2004; Jones et al. in press) .
Telephone numbers in the FoodNet catchment area were screened using Genesys-ID software (Abt Associates Inc. Respondents were asked about episodes of diarrhea in the four weeks (1996 -1997 and 1998-1999 survey cycles) or month (2000 -2001 and 2002-2003 survey cycles) prior to the interview (Jones et al. in press) . Diarrhea was defined as three or more loose stools in a 24-hour period. Diarrheal illness was defined as diarrhea resulting in an impairment of daily activities (e.g. missing time from work, school, recreation or vacation activities, or work in the home) or diarrhea with a duration greater than 1 day. In the first and second cycles, respondents reporting diarrhea were asked about other symptoms experienced during their illness, including vomiting, fever, and abdominal pain. In the third and fourth cycles, all respondents, including those without diarrhea, were asked about vomiting; those respondents reporting any diarrhea or vomiting were also asked about concurrent respiratory symptoms.
A comparison of the prevalence of diarrheal illness from all four cycles of the FoodNet survey (1996 -1997, 1998 -1999, 2000 -2001, and 2002-2003 Population Health, on behalf of OzFoodNet, conducted a national cross-sectional computer-assisted telephone interview (CATI) survey to estimate the incidence of infectious gastroenteritis (Ashbolt et al. 2002; Hall et al. 2002 Hall et al. , 2005 Scallan et al. 2005) . In this national gastroenteritis survey, private households across Australia with fixed telephone lines were sampled using random-digit dialing. The household member with the last birthday was selected to be interviewed. Interviews were conducted in seven languages. (Scallan et al. 2005) .
Data were weighted to the Australian population by age and sex and the estimated incidence of infectious gastroenteritis was 0.92 cases per person-year (Hall et al. 2005) . Analysis suggested that the incidence of gastroenteritis varied by region, age, and medical history of chronic illness (Ashbolt et al. 2002) . To make the results nationally representative, data were weighted by age, sex, geographic location, household size, and the number of residential telephone lines.
Using diarrhea as the outcome, defined as three or more loose stools or bowel movements in any 24-hour period, the weighted rate of diarrhea was 0.83 episodes per person-year. The incidence of diarrhea was highest among children younger than 5 years of age (8.2%) and adults 25 -44 years of age (7.8%) and lowest among adults 65 years of age and older (3.6%) (Scallan et al. 2005) .
The Victoria Department of Human Services estimated the annualized incidence of gastroenteritis in persons 18 years of age or older using questions included in the Victorian Population Health Survey conducted between August and November 2001 (Ashbolt et al. 2002) . This was a computer-assisted telephone interview (CATI) survey. Participants aged 18 years or older were randomly selected and asked if they had experienced gastroenteritis in the 4 weeks preceding the interview. An episode of gastroenteritis was defined as (1) three or more loose stools or (2) two or more episodes of vomiting in a 24-hour period. Participants who reported a chronic condition in which diarrhea or vomiting was a predominant symptom were excluded from analysis.
Of the 7494 adults interviewed, 760 reported having gastroenteritis in the previous 4 weeks, for an unweighted annualized incidence of 1.3 episodes per person-year.
Similarly, the Queensland Department of Health estimated the statewide incidence of diarrhea using relevant questions included in the Queensland Health 2001 Omnibus Survey (Ashbolt et al. 2002; Queensland OzFoodNet 2002 Groundwater Quality Survey (1991 -1992) (Goss et al. 1998 ). This earlier study sampled water from 1292 of the estimated 500 000 water wells in Ontario, and the study conformed to a stratified random survey. It is unclear how the families participating in the Raina study were selected from this earlier study. Families in the Raina study were excluded if
(1) they no longer used the same well as in the 1991 -1992 study; (2) the household would contain fewer than two fulltime residents during the study period; (3) the family did not drink well water; or (4) the family routinely treated the water.
Children younger than 1 year of age at the start of the study and any persons absent from the household for more than 2 months during the study period were excluded from analysis. The incidence reported in this study was lower than that reported in the previous Dutch study. The investigators speculated that this decrease may have been due to an actual decrease over the decade but stated that it was more likely that the incidence in 1991 was overestimated because the response seemed to be strongly influenced by gastrointestinal symptoms. Other explanations could be that slightly different case definitions were used between the studies and that the earlier study period only covered part of a year and did not account for seasonality. Practice registries were used to sample study participants and enrollment was staggered over the 18 months of the study. Within each practice, persons were selected to be contacted using stratified random sampling by age and sex from the patient register. Two consecutive cohorts of patients were each followed for 6 months, rather than one cohort of 12 months, in order to increase the level of participation (Sethi et al. 1999) . Participants returned weekly postcards for 6 months declaring the absence of intestinal illness. IID was defined as loose stools or significant vomiting (more than once in 24 hours, incapacitating, or accompanied by cramps or fever) lasting less than 2 weeks, in the absence of a known noninfectious cause and preceded by a 3-week symptom-free period (Sethi et al. 1999) . Those who developed symptoms were asked to contact the study nurse, complete a risk factor question- person-year), it is much lower than the incidence reported in other international studies. The reason for the low incidence in these two studies is unclear. Perhaps the request for a stool sample if IID occurred negatively impacted reporting. However, other prospective cohort studies requesting stool specimens, some still to be discussed, reported higher incidence rates (Fox et al. 1966 (Fox et al. , 1972 Hughes et al. 1978; Hoogenboom-Verdegaal et al. 1994; de Wit et al. 2000 de Wit et al. , 2001 . The retrospective estimate of diarrhea incidence from this study was 0.55 episodes per person-year, which was nearly three times the prospective estimate. This finding has significant implications for comparisons made between retrospective and prospective studies of AGI, which will be discussed in greater detail in a subsequent section.
In 1992 
DISCUSSION

In this chapter we have reviewed 14 American and 19
international studies estimating the rate of AGI. The range of estimates provided varies both among and within countries. Some of this variation is due to differences in study methodology and design; this makes comparisons between studies problematic.
Of the 33 studies reviewed, 16 were retrospective studies and 18 were prospective studies (of which five were intervention trials with a prospective component and one was a recalculation of existing data). One study from England had both a retrospective and prospective component (Table 2 ). Both retrospective and prospective studies have some limitations. Retrospective studies suffer from a number of recall errors. One such error is telescoping. This phenomenon involves compression of time whereby an event is remembered as having occurred more recently than it actually did (Sudman & Bradburn 1973; Wheeler et al. 1999 ). The result is that events, such as the occurrence of AGI, may be over-reported, particularly if the event is severe, and thus, more memorable. This problem is more pronounced with proxy interviews for children (Bruijnzeels et al. 1998) . At the same time, milder, less memorable symptoms may be underrepresented or even forgotten, particularly if the recall period is long. In the retrospective studies reviewed, the recall periods for AGI symptoms ranged from 2 weeks (Akhter et al. 1994 ) to 3 months (Palmer et al. 1996 ) but most were 1 month. Therefore, because of recall errors, retrospective studies may result in higher estimates of morbidity. Consequently, prospective studies are sometimes considered more reliable than retrospective studies because they reduce or eliminate recall errors. Wheeler et al. (1999) found that, within the same study, the retrospective estimate of infectious intestinal disease was almost three times higher than the prospective estimate. However, prospective studies also have difficulties. Four of the five intervention trials reviewed (Payment et al. 1991 (Payment et al. , 1997 Hellard et al. 2001; Colford et al. 2005) showed signs of reporting fatigue. Each of these trials required individual participation for over 1 year.
Over time, the rate of reported symptoms declined. Inves- 
Prospective Data Collection
United States Dingle et al. (1953 Dingle et al. ( , 1956 Dingle et al. ( , 1964 ; Hodges et al.
January 1 Table 3 in Majowicz et al. (2004) . b CC, cross-sectional community-based survey; CP, cross-sectional population-based survey; CM, cross-sectional medical practice-based survey; CBC, community-based cohort; HBC, health insurance plan-based cohort; R, recalculation of incidence rates for 1980 population; CBI, community-based intervention trial; PBC, population-based cohort; MBC, medical practice-based cohort. tinal illness and found that 99% of the combined study population had bowel movements ranging from three per week to three per day. More recent studies have also found similar rates in adults (Drossman et al. 1982; Bassotti et al. 2004 ) and children 1 -4 years of age (Weaver & Steiner 1984) . Connell et al. (1965) concluded that more than three bowel movements per day might be considered unusual.
They also observed a correlation between increasing stool frequency and the person's opinion of the stool as loose.
However, limited information is available about the validity of self-reported diarrhea where specific symptoms are not defined. Baqui et al. (1991) tested various definitions of diarrhea in Bangladeshi children younger than 5 years of age using prospective community-based surveillance data and found that reports of either (1) (Herikstad et al. 2002; Hawkins et al. 2002; Imhoff et al. 2004; press) define diarrheal illness as diarrhea (three or more loose stools in a 24-hour period) resulting in an impairment of daily activities (e.g. missing time from work, school, recreation or vacation activities, or work in the home) or diarrhea duration greater than 1 day. Such a definition addresses the departure from normal bowel habits (of which there is a range) and identifies more severe cases that have a personal impact. However, by using a more specific definition of AGI, the sensitivity for mild cases is reduced. Therefore, the balance between sensitivity and specificity of the definition of AGI needs to be determined by the purpose of the investigation in which the definition is being used.
The definition of an episode of AGI not only requires specification of the symptoms involved, it also requires identification of the end of an illness episode. One study has found that 3 intervening diarrhea-free days seemed to be the optimal interval to define new episodes of diarrheal illness (Baqui et al. 1991) . This finding is supported by Morris et al. (1994) , who modeled the distribution of illness episodes and found that an interval of 2 or 3 days without symptoms generally marked a new episode of diarrhea. However, the intervals used in the studies reviewed in this paper ranged from 2 days (Monto & Koopman 1980 ) to 3 weeks (Roderick et al. 1995; Wheeler et al. 1999) , with a median of 6 days. Therefore, some of these studies may have Another way in which the 33 studies reviewed varied was in the method of contact with study participants. Four studies (Hodges et al. 1956; Fox et al. 1966; Hughes et al. 1978; Feldman & Banatvala 1994 ) conducted in-person interviews to gather information on symptoms and illness.
Nine studies (Hoogenboom-Verdegaal et al. 1994; Roderick et al. 1995; Palmer et al. 1996; Wheeler et al. 1999; de Wit et al. 2001; Hellard et al. 2001; Colford et al. 2002 Colford et al. , 2005 Kuusi et al. 2003 ) relied on the mail to collect this information from respondents. Sixteen studies (Monto & Koopman 1980; Akhter et al. 1994; Payment et al. 1997; Raina et al. 1999; Sandler et al. 2000; Ashbolt et al. 2002; Hall et al. 2002; Hawkins et al. 2002; Herikstad et al. 2002;  Queensland Two studies (Fox et al. 1972; Payment et al. 1991 ) used a combination of methods, and the authors of one study (Strauss et al. 2001) did not specify the method of participant contact. These differing methodologies are subject to different response rates and nonresponse biases.
Studies have found that in-person interviews tend to have the highest response rates, followed by mail surveys, then telephone surveys (Marcus & Crane 1986; Picavet 2001) .
Only one of the in-person studies reviewed supplied a response rate (77%) (Feldman & Banatvala 1994 ). The response rates for nine of the mail studies ranged from 31% (Roderick et al. 1995) to 96% (Colford et al. 2002) . The response rates for eight of the telephone studies were comparable to those by mail. Of note, the FoodNet population telephone survey response rate declined over the four survey cycles, from 71% in the first cycle (Herikstad et al. 2002) to 33% in the fourth cycle (Jones et al. in press ). This is representative of an overall decline in survey response rates (Atrostic et al. 2001; Tourangeau 2004) Selection bias is another means by which persons under study differ from the rest of the population, thereby limiting the generalizability of the results. This bias may be present at the level of the respondent. Persons with AGI may be more likely to complete a survey or interview, thereby creating a selection bias. Selection bias may also be present within the sampling frame. Most of the studies reviewed in this chapter evaluated relatively small specific groups of people. Eight studies (Hodges et al. 1956; Fox et al. 1966 Fox et al. , 1972 Monto & Koopman 1980; Guerrant et al. 1990; Payment et al. 1991 Payment et al. , 1997 Hellard et al. 2001) were limited to families with young children. Therefore, children were overrepresented in these studies, which could have inflated the estimated AGI rate because children are known to experience higher rates of AGI than adults (Hodges et al. 1956; Monto & Koopman 1980; Hawkins et al. 2002; Herikstad et al. 2002; Imhoff et al. 2004; Jones et al. in press) . Five studies were conducted in populations served by specific medical practices or health insurance organizations (Fox et al. 1972; Roderick et al. 1995; Palmer et al. 1996; Wheeler et al. 1999; de Wit et al. 2001) , eliminating the medically indigent and those outside the service areas.
Fourteen studies (Hodges et al. 1956; Fox et al. 1966; Monto & Koopman 1980; Guerrant et al. 1990; Payment et al. 1991 Payment et al. 1997 Akhter et al. 1994; Feldman & Banatvala 1994; Raina et al. 1999; Hellard et al. 2001; Strauss et al. 2001; Colford et al. 2002 Colford et al. , 2005 Majowicz et al. 2004) were conducted in specific communities, some with very homogeneous demographic characteristics that were not generalizable to larger populations. Finally, five intervention trials (Payment et al. 1991 (Payment et al. , 1997 Hellard et al. 2001; Colford et al. 2002 Colford et al. , 2005 , one retrospective survey (Akhter et al. 1994) , and three prospective studies (Raina et al. 1999; Strauss et al. 2001; Gofti-Laroche et al. 2003) limited their study populations to those served by specific water systems. These different sampling frames were not mutually exclusive. Random selection of study participants is one method used to reduce selection bias. However, one study (Sandler et al. 2000) had only 17% of its participants selected completely at random, at least four studies (Hodges et al. 1956; Fox et al. 1966 Fox et al. , 1972 Hellard et al. 2001 ) recruited participants through nonrandom selection techniques, and five studies (Roderick et al. 1995; Palmer et al. 1996; Wheeler et al. 1999; de Wit et al. 2001; Gofti-Laroche et al. 2003 ) randomly chose participants only after medical practices or communities were selected using nonrandom sampling schemes.
Only four international studies (Hoogenboom-Verdegaal et al. 1994; Hall et al. 2002; Kuusi et al. 2003; Scallan et al. 2004 ) assessed the national rate of AGI using a representative sample of the nationwide population. In the United States, Sandler et al. (2000) conducted a nationwide survey but, as just mentioned, only a small proportion of participants were randomly selected. The four cycles of the US FoodNet population survey (Hawkins et al. 2002; Herikstad et al. 2002; Imhoff et al. 2004; Jones et al. in press) were population-based but the FoodNet sites were not chosen to be representative of the US general population.
Rather, these sites were chosen based on their ability to conduct population-based surveillance and to achieve geographic diversity within their areas (Hardnett et al. 2004 ). However, this geographic diversity presents a problem. Studies of different enteric pathogens have demonstrated regional differences in the incidence of specific laboratory-confirmed infections (Hedberg et al. 1997; Bender et al. 2004; Ray et al. 2004 ) and have suggested that these variations in incidence reflect regional differences in physician and laboratory practices and perhaps regional differences in the risk of exposure (Hedberg et al. 1997; Hardnett et al. 2004) . FoodNet has conducted surveys of physician and laboratory practices in FoodNet catchment areas and no differences were observed between FoodNet sites. However, because true regional differences in infection rates appear to exist based on other studies, these regional differences may have impacted the crude rate of AGI as estimated by the FoodNet population surveys as new sites were included in subsequent survey cycles (Hardnett et al. 2004) . Demographic differences between the FoodNet and US populations must also be considered if generalizations using these data are to be made. In 1996, investigators compared the FoodNet and US populations and found that the age and sex distributions were similar but that the FoodNet population overrepresented Asians, underrepresented Hispanics, had a lower population density in FoodNet counties, and had a smaller percentage of persons living at or below the poverty level (Hardnett et al. 2002 (Hardnett et al. , 2004 . A similar comparison of the FoodNet and US populations in 2000 again found similar age and sex distributions but, this time, a similar proportion of Asians in both populations, although Hispanics were still underrepresented in the FoodNet population (6% in FoodNet areas in 2000 compared to 12% nationally) (Hardnett et al. 2004) . Overall, FoodNet researchers believe that the demographic differences appear to be limited. Furthermore, after accounting for the changing composition of the FoodNet sites between cycles by weighting for age, sex, location, and number of residential telephone lines, the estimates of diarrheal illness are comparable across the four survey cycles. Therefore, the FoodNet population survey data have been generalized to the US population. However, whenever this is done, it is important that the limitations of the data be well understood.
Seasonality of AGI is yet another issue to consider when comparing these studies or generalizing their findings.
Studies conducted over periods of less than one year (Akhter et al. 1994; Feldman & Banatvala 1994; Hoogenboom-Verdegaal et al. 1994; Roderick et al. 1995; Palmer et al. 1996; Sandler et al. 2000; Strauss et al. 2001; Ashbolt et al. 2002; Colford et al. 2002; Queensland OzFoodNet 2002; Gofti-Laroche et al. 2003) fail to capture the seasonal variation of AGI and, therefore, may overestimate or underestimate the annual rate of disease, depending on what time of year the study was conducted.
In temperate climates, gastrointestinal illness is reported to have a bimodal distribution. Bacterial gastroenteritis tends to peak in the summer months (Gurwith & Williams 1977; Michel et al. 1999; Denno et al. 2005 ) while viral gastroenteritis, which may be more common (Gurwith & Williams 1977) , tends to peak during the winter months (Gurwith & Williams 1977; Cook et al. 1990; Mounts et al. 2000; Denno et al. 2005) with lower rates in the summer (Hodges et al. 1956; Monto & Koopman 1980; Payment et al. 1997; Kuusi et al. 2003; Jones et al. in press) .
Another barrier to comparability is that different studies used different exclusion criteria for individual participants or cases. Therefore, the estimated AGI rates were calculated from different groups of people, making comparisons problematic. Eight studies (Hughes et al. 1978; Akhter et al. 1994; Feldman & Banatvala 1994; Palmer et al. 1996; Hoogenboom-Verdegaal et al. 1994; Colford et al. 2002 Colford et al. , 2005 Gofti-Laroche et al. 2003) did not report any exclusion criteria for individual participants or cases. Eleven studies (Hellard et al. 2001; Ashbolt et al. 2002; Hall et al. 2002; Herikstad et al. 2002; Kuusi et al. 2003; Imhoff et al. 2004; Hawkins et al. 2002; Queensland OzFoodNet 2002; Majowicz et al. 2004; Scallan et al. 2005; Jones et al. in press) excluded persons reporting a chronic illness in which diarrhea was a major symptom. Therefore, their estimated rates failed to account for AGI episodes in chronically ill persons that were unrelated to their chronic illnesses or conditions. The first two FoodNet surveys (Herikstad et al. 2002; Imhoff et al. 2004 ) also excluded persons who had surgery to remove parts of their stomachs or intestines because these surgeries predisposed them to recurrent noninfectious diarrhea. However, this meant that AGI episodes unrelated to surgery were not counted. The Cleveland study (Dingle et al. 1953 (Dingle et al. , 1964 Hodges et al. 1956) excluded cases of AGI with known etiologies, some of which were bacterial gastroenteritis. Therefore, this study underestimated the rate of infectious gastroenteritis. Six studies (Payment et al. 1991 (Payment et al. , 1997 Roderick et al. 1995; Wheeler et al. 1999; de Wit et al. 2001; Scallan et al. 2004 ) excluded noninfectious causes. Therefore, their estimated rates of AGI were limited to infectious etiologies and may have excluded environmental causes, such as chemical exposure.
Five studies (Hodges et al. 1956; Fox et al. 1966 Fox et al. , 1972 Monto & Koopman 1980; Garthright et al. 1988 ) provided estimates of AGI rates in the absence of respiratory symptoms. The Cleveland study found that gastrointestinal illness was associated with respiratory symptoms in 20% of cases (Hodges et al. 1956; McCorkle et al. 1956 ), often with gastrointestinal symptoms beginning at the same time as respiratory symptoms or shortly thereafter (McCorkle et al. 1956 ). In contrast, respiratory illness was associated with gastrointestinal symptoms in 5% (McCorkle et al. 1956 ) of cases. In the Cleveland study, respiratory illness included common respiratory diseases (e.g. common cold, rhinitis, laryngitis, bronchitis, and other acute respiratory illnesses of undifferentiated type) and specific respiratory diseases (e.g. streptococcal tonsillitis and pharyngitis, nonstreptococcal exudative tonsillitis and pharyngitis, primary atypical pneumonia, pneumococcal pneumonia, and influenza) (Dingle et al. 1953) . In the Tecumseh study (Monto & Koopman 1980) , gastrointestinal illness was associated with respiratory symptoms in 27% of cases and respiratory illness was associated with gastrointestinal symptoms in 11% of cases. In this study, respiratory illness was divided into five syndromes: (1) lower respiratory illness with a productive cough, wheezing, or pain on respiration, (2) upper respiratory illness with coryza, without lower respiratory symptoms, (3) laryngotracheal illness with sore throat or hoarseness, without lower or upper respiratory symptoms, (4) nonproductive cough, and (5) earache alone (Monto & Koopman 1980) . In the Cleveland and Tecumseh studies, many cases with combined gastrointestinal and respiratory symptoms appeared to have a common etiology. However, because it was unclear as to whether these were primarily gastrointestinal or respiratory illnesses, cases with combined symptoms were excluded from these analyses.
Recent studies have attempted to exclude persons with gastrointestinal symptoms secondary to respiratory infections to more accurately reflect the true rate of AGI (Mead et al. 1999; Hall et al. 2005) . Hall et al. (2005) used the results from the Australian national gastroenteritis survey previously described (Ashbolt et al. 2002) All of these methodological variations make comparisons between the studies difficult and interpretations of the estimated AGI rates should be made with caution. Rates of AGI differ within and between study types, and within and among countries. Taken as a whole, these 33 studies suggest that the rate of AGI (including diarrhea) in developed countries is somewhere in the range of 0.1 (Roderick et al. 1995) to 3.5 (Colford et al. 2002) episodes per person-year, depending on location and type of study. Among the international studies, the range is 0.1 (Roderick et al. 1995 ) to 2.8 (Gofti-Laroche et al. 2003) . In the United States, the same range is 0.3 (Fox et al. 1972 ) to 3.5 (Colford et al. 2002) . These estimates come from a variety of different study types, including retrospective cross-sectional population-based surveys, prospective cohort studies, and intervention trials designed to assess the rate of diarrhea and AGI. Other study types peripherally capturing information on AGI can also inform estimates of the rate of AGI.
For example, a convenience sample of three randomized, double-blind, placebo-controlled drug trials in the US (Tilley et al. 1995; Black et al. 1997; Szapary et al. 2003) reported a range in the rates of diarrhea among their placebo groups (adults with active rheumatoid arthritis, essential hypertension, and primary hypercholesterolemia, 
